A fish pathogen, Vibrio cholerae non-Ol, was isolated from diseased ayu fish (Plecoglossus altivelis) collected from rivers in eight prefectural districts of Japan. This organism was found to have biochemical characteristics similar to those of V. cholerae non-O1, except that our isolates were negative for ornithine decarboxylase. Antiserum against an ayu isolate did not agglutinate with the majority of environmental V. cholerae non-Ol isolates, but a major 0 antigen was common among the ayu isolates. All strains were hemolytic to sheep erythrocytes, and oral administration of culture supernatants induced fluid accumulation in suckling mice.
However, the crude toxin was not lethal to adult mice, and no cholera toxin-like enterotoxins were detected.
Vibriosis is a well-described devastating fish disease which occurs in both marine and freshwater environments. The causative agents include Vibno anguillarum, V. cholerae non-O1, V. damsela, V. vulnificus, and others (1) . V. cholerae non-O1 was first reported as the causative agent of vibriosis in the freshwater fish ayu (Salmoniformes: Plecoglossidae; Plecoglossus altivelis) in Japan by Muroga et al. (8) , but V. cholerae non-O1 infection of ayu was considered an uncommon occurrence (5) . However, mass mortality in wild ayu with an epizootiology similar to that of the case mentioned above (8) has recently occurred in various parts of Japan. Several bacterial strains were isolated from moribund ayu caught in different rivers of Japan from 1987 to 1991, and most strains were identified as V. cholerae non-01. Thus, infection of wild ayu with this organism has been established as a common and widely distributed fish disease in Japan.
Various exotoxins produced by environmental V. cholerae non-O1 have been reported, including cholera toxin (CT)-like enterotoxin (4), a fluid-accumulating factor (7) , and various cytotoxins (11) . We have also examined the nature of exotoxins produced by V. cholerae non-O1 isolated from ayu in order to elucidate the significance of this epizootic with regard to public health. Antigenic relationships among strains isolated from ayu and the environment and sensitivities to commonly used antibiotics were also studied.
MATERIALS AND METHODS
Test strains. Bacterial strains (54 strains from ayu and 6 strains from the environment [ Table 1 ]) used in this study were either isolated in Shiga Prefecture or received from other areas of Japan. The strains from diseased ayu had been isolated by direct plating onto nutrient agar (Eiken Chemical Co., Ltd.) from the livers, spleens, or kidneys of moribund or dead fish. Those strains from apparently healthy fish were isolated from whole-body homogenates after enrichment in alkaline peptone water (1% peptone, 3% NaCl; pH 9.4) by selective isolation on thiosulfate-citrate-bile salts-sucrose (TCBS) agar (Eiken Toxin preparation. Eleven strains (seven from diseased fish, two from healthy fish, and two from the environment) were preenriched for 6 to 8 h at 37°C in 2 ml of brain heart infusion (BHI) broth (Eiken), and the young cultures were transferred into 10-ml portions of BHI broth in L-shaped tubes. These tubes were incubated at 30°C by shaking in a water bath for 16 to 18 h and centrifuged (9,000 x g for 15 min at 4°C), and the culture supernatant was filtered (0.22-,um-pore-size filter) and treated as crude toxin for hemolysin analysis. For the detection of CT-like enterotoxin, the strains were grown in medium consisting of Casamino Acids (1.5%) and yeast extract (0.3%) and supplemented with 0.2% glucose and 1% sodium chloride.
Hemolysin isolates to the drugs were determined according to the manufacturer's instructions.
RESULTS
Identification. All the ayu isolates were gram-negative, motile, short rods forming smooth colonies on nutrient agar and yellow colonies on TCBS agar. Although the examined strains differed from V. cholerae in being negative for ornithine decarboxylase (49 of 54) and exhibiting poor growth (54 of 54) in 1% tryptone water without NaCl (Table  2 ), all 54 strains were classified as V. cholerae. Six environmental isolates were also classified as V. cholerae, but they were all positive for ornithine decarboxylase except for one strain isolated from a pond stocked with ayu.
Serology. All 60 strains did not agglutinate with anti-V. cholerae 01 serum (Denka Seiken). The homologous agglutination titers of anti-PSH-9020 and PI-8701 sera were both 1,280. Cross-absorption tests of antisera with the two strains showed identical antigenicity patterns (Table 3 ). The agglutination titers of anti-PSH-9020 serum against heat-killed cells of the 54 ayu strains and 6 environmental strains of V. cholerae non-O1 are shown in Table 4 . Of the 54 ayu strains (including PSH-9020 and PI-8701), 33 (61.1%) strains had homologous 0 antigens (titers of >640), 15 (27.8%) strains had common antigens (titers, 160 to 320), and 6 (11.1%) strains did not react with the antiserum. Of the six nonagglutinable strains, four were from healthy fish and were positive for ornithine decarboxylase, one was from a healthy fish but was negative for ornithine decarboxylase, and one was a reference strain, PS-7705. Most of the environmental strains (four of six) were nonagglutinable or agglutinated at low titers, and only two strains shared common antigens.
Antibiotic sensitivity. All the tested strains (31 strains) were sensitive to chloramphenicol, nalidixic acid, and tetracycline, while a few displayed partial resistance to cephalothin, erythromycin, colistin, kanamycin, and ampicillin (Table 5) . Of the 31 strains tested, 14 (45%) were resistant to both polymyxin B and colistin and 29 (94%) were resistant to polymyxin B. There was no apparent difference in sensitivity between the strains from diseased and healthy fish.
Pathogenicity. The mortality rates of the challenged ayu were 72, 16, and 0% at the doses of 2.5 x 107, 2.5 x 105, and 0 (control) CFU/ml, respectively. The pathogenicity to mice and toxin production of nine ayu isolates and two environmental strains are presented in The present investigation revealed that V. cholerae non-O1 infection of ayu, which was originally found more than 10 years ago in the rivers running into Lake Biwa in Shiga Prefecture (8) , is now widely distributed in many rivers in various parts of Japan. This infection was supposedly spread by transplantation of juvenile ayu from Lake Biwa into these rivers. This is supported by the finding that all strains isolated from diseased ayu in different rivers share a major common 0 antigen with strains PS-7702 and PSH-9020, which were isolated from diseased ayu found near or in Lake Biwa in 1977 and 1990, respectively. Environmental isolates of V. cholerae non-O1 generally consist of a variety of 0 serotypes (10) , and only two environmental strains, including one from water in an ayu pond, of the six strains tested in this study shared the common antigen with ayu isolates.
There was another piece of evidence which supports our speculation that the disease agent was spread from a common source. Almost all the strains (36 of 37) isolated from diseased ayu had a negative ornithine decarboxylase reaction. This is another unique property of ayu isolates by which they can be differentiated from environmental or clinical isolates of V. cholerae which are ornithine decarboxylase positive (2) . Other representative fish-pathogenic vibrios, e.g., V. anguillarum, V. damsela, V. ordalii, and V. vulnificus, are also all ornithine decarboxylase negative (1).
V. cholerae non-O1 infections in ayu occurred only in summer and early autumn, when the water temperature of the rivers was 22°C or higher. The high temperature is favorable for the growth of the pathogen and unfavorable for the physiology of the host, ayu. Transmission of this pathogen among the fish is not clear, because the pathogen is rarely isolated in aquatic environments. However, some healthy ayu caught in Lake Biwa or in the rivers running into the lake harbored the pathogen without showing any signs of the disease; thus, these fish could act as carriers.
V. cholerae non-O1 infection in fish should be investigated not only from the standpoint of fish resources but also from the standpoint of food hygiene. It was demonstrated by Yamanoi et al. (12) that mice were killed by intraperitoneal injection of live cells of V. cholerae non-O1 isolated from diseased ayu. However, filtered culture extracts of similar The results of this study support the hypothesis that these ayu isolates are not highly toxic, and the potential for human disease seems not to be serious, at least from the viewpoint of food hygiene. Nevertheless, the danger of food poisoning cannot be completely ruled out, because some isolates produced hemolysin and enterotoxins, as demonstrated by FA ratios in infant mice. Antibiotic resistance patterns displayed were typical to those of V. cholerae (6) , except for the high resistance to polymyxin B and colistin.
